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Abstract—Lower-back pain (LBP) is a common secondary
condition following lower-limb amputation. The purpose of
this study was to investigate LBP prevalence and the relation-
ship between LBP and physical activity (PA) levels in a
national sample of persons with traumatic transfemoral ampu-
tation (TFA). Questionnaires were mailed to a random sample
of people with traumatic TFA (n = 322) from the New Zealand
Artificial Limb Board national database. Of the participants
who completed the survey (55% response rate), 64.1%
reported LBP and 39.1% reported restricted PA due to LBP.
There was no relationship between the PA levels of persons
with and without LBP (chi-square = 2.11, p > 0.05). There was
an equal distribution of persons with LBP in low, medium, and
high PA subgroups. However, persons who reported restricted
PA due to LBP had lower PA scores than persons with LBP and
no restricted PA (chi-square = 11.56, p < 0.05). Based on our
results, LBP is prevalent in the traumatic TFA population. PA
levels are not influenced by the presence or absence of LBP.
However, future studies investigating LBP coping strategies
and using objective PA outcome measures might further eluci-
date the relationship between PA and LBP in this population.

Key words: activity, amputation, back pain, limb loss, lower-
limb amputation, physical activity, prevalence, secondary com-
plication, survey, trauma.

INTRODUCTION

Lower-back pain (LBP) continues to be a major
health and socioeconomic problem, with an estimated
point prevalence of 12 percent in the general population
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[1]. It is one of the most frequently reported musculo-
skeletal problems in persons with disability [2-3]. Fur-
thermore, LBP is more common in the population with
lower-limb amputation (LLA) than in people with other
causes of disability (such as stroke and cerebral palsy),
with a high prevalence rate ranging from 52 to 80 percent
[4-7]. In at least one-third of people with LLA, LBP is
constant and bothersome [7] and associated with poor
quality of life [8-9] and depression [10]. In recent years,
studies have reported a greater prevalence of LBP in peo-
ple with LLA than other common comorbidities such as
phantom pain and residual-limb pain [6,10].

In people with LLA, biomechanical factors seem to
play a significant role in contributing to LBP [11]. In partic-
ular, the abnormal spinal kinematics secondary to walking
with prosthesis is considered to be a significant contributor
[12—13]. Literature supports the hypothesis that, with more
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femoral amputation.
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proximal levels of amputation, there is a corresponding
increase in the energy cost of walking [14-15] and abnor-
mal gait patterns [16—17]. These factors could contribute to
people with transfemoral amputation (TFA) having a higher
prevalence, severity, and associated disability of LBP than
in populations with other levels of LLA [6,18]. In light of
these findings, further research is needed to investigate the
contributions of physical activity (PA) patterns to LBP in
this population [19].

In the general population, the role of PA (leisure,
household, and occupational activities) and its associa-
tion with LBP has been more frequently investigated in
the recent decades [20]. Certainly, the beneficial effects
of moderate daily PA on physical and mental health are
well established [21-22]; however, the role of PA as a
possible contributing factor to LBP is also reported [23].
Campello et al. proposed a theoretical model of U-shaped
relationship between PA and LBP, where either too little
or excessive PA levels could increase the possibility of
LBP [24]. The only systematic review that investigated
the relationship between PA levels and LBP reported
inconclusive evidence for the association between PA
levels and LBP because of heterogeneity in the method-
ology of included studies and the complexities of PA
measurement [25].

Despite a number of studies exploring the relationship
between LBP and PA in the general population, the inves-
tigation of PA levels in persons with disability has received
minimal attention in the literature [26-27]. To our knowl-
edge, the only study to investigate the relationship between
LBP and PA in TFA reports a lack of significant associa-
tion between LBP and PA levels [28]. However, the sam-
ple included TFAs of multiple causes, including vascular
disease and malignancy, which could have confounded the
results. People with vascular amputation are older [29] and
less ambulatory [14,30], and the associated age-related
comorbidities (e.g., cardiovascular problems) could influ-
ence both PA levels and LBP-related disability. In contrast,
people with traumatic amputation are generally younger
and more active prosthesis users than people with vascular
amputation [30-31].

In New Zealand (NZ), approximately 4,000 people
are currently living with limb loss [32]. It is estimated
that 400 persons undergo amputation annually, and this
rate has increased considerably over the past decade [32].
This is the first study to investigate the prevalence of
LBP and its association with PA levels in an NZ popula-
tion. The results of our study will enhance understanding

about LBP prevalence, associated disability, and PA lev-
els among the population with traumatic TFA.

The purposes of this national cross-sectional survey
were to (1) determine the prevalence of LBP, (2) investigate
the relationship between the self-reported PA levels of per-
sons with and without LBP, (3) explore the relationship
between the PA levels of persons with and without
restricted activities of daily living (ADLs) due to their LBP,
and (4) characterize the relationship between LBP and
amputation-related parameters and demographic variables.

METHODS

Study Design

We conducted a cross-sectional survey in collaboration
with the New Zealand Artificial Limb Board (NZALB), a
government organization that provides prosthetic services
for NZ residents with amputation. We extracted a contact
list of all participants with traumatic TFA from the NZALB
database (updated in 2006). This consisted of 458 partici-
pants, and we selected a random sample of 322 participants
using a computer-generated numbers list. According to the
Dillman sample size estimation equation [33] for a popula-
tion of 458, a sample of 209 participants was needed at a
95 percent confidence interval (CI) with a £5 percent sam-
pling error and assuming a 50/50 split in choosing the
responses (yes or no) for the LBP question. Based on the
results of similar previous studies [4,28], we calculated
the sample size (n = 322) assuming a response rate of
65 percent.

Participants

We included participants age >18 yr with a history of
traumatic TFA and minimum prosthesis usage for a
period of 6 mo since amputation. We excluded partici-
pants if they had any of the following: (1) TFA due to
complications from peripheral vascular diseases, diabe-
tes, and tumors; (2) other levels of LLA (i.e., below-knee,
foot, and bilateral amputation); and (3) a history of lum-
bar spine surgery.

Survey Implementation

We mailed a total of 322 questionnaires (Appendix,
available online only) by post along with a cover letter, con-
sent form, and postage-paid return envelope. We requested
that participants return the completed questionnaire within
a period of 2 wk. We sent an additional reminder letter and
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replacement questionnaire to nonrespondents 3 wk after the
initial mail-out in order to maximize the response rate [34].

Measures

The questionnaire consisted of three domains:
(1) demographics and history of amputation, (2) LBP-
related questions, and (3) PA-related questions.

Lower-Back Pain Questions

We adapted the “optimal” LBP definition recom-
mended for conducting prevalence studies in LBP [35].
We asked participants whether they had LBP in the past
4 wk using a yes or no question and whether the pain was
severe enough to restrict their ADLs for more than 1 d.
The questions on LBP severity were quantified on a 0 to
10 rating scale, where 0 = no pain and 10 = pain as bad
could be, and classified as mild (1-4), moderate (5-6), and
severe (>7) based on similar previous studies [4,36-37].

Physical Activity Questions

We assessed PA using the Physical Activity Scale for
Individuals with Physical Disabilities (PASIPD). The
PASIPD is a 13-item, 7 d recall questionnaire with sub-
scales measuring the PA levels of leisure, household, and
occupational activities. We calculated the PA scores by
multiplying the average hours per day of each PA by a
corresponding metabolic equivalent (MET) value and
summed the individual PA scores to calculate the total PA
score in MET hours per day. Previous studies have
reported the reliability [38], construct [39], and criterion
validity [38,40] of the PASIPD in persons with disability
(including amputation), and the results were comparable
with other self-reported PA questionnaires.

Analysis

We used descriptive statistical analyses to describe
the LBP prevalence and characteristics. Because of a lack
of standard criteria in classifying PA levels and skewed
PA scores, we divided the total PA scores (i.e., the sum of
leisure, household, and occupational PA scores) into
three equal tertiles (low, middle, and high) [41]. We ana-
lyzed the following relationships using chi-square (xz)
contingency table analysis: (1) relationship between LBP
yes/no and the PA tertiles, (2) relationship between the
respondents reporting LBP without ADL restriction and
no LBP, and (3) relationship between the LBP groups
with and without ADL restriction and their PA tertiles.

We analyzed the relationship between LBP and other
variables (age, sex, height, weight, body mass index [BMI],
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and years since amputation) using binomial logistic regres-
sion. We reported odds ratios with 95 percent ClIs. We per-
formed analyses using SPSS version 19 (IBM Corporation;
Armonk, New York) and considered p < 0.05 significant.

RESULTS

Of the questionnaires we mailed (n = 322), the NZ
postal service returned 18 as undeliverable. Thus, a maxi-
mum of 304 respondents could have completed the sur-
vey. Of the 176 surveys we received (87 from mailing 1
and 89 from mailing 2), 10 respondents indicated that they
did not want to participate, yielding a response rate of
55 percent (166/304). We excluded the data of 19 respon-
dents because of other levels of amputation (n = 3),
incomplete data (n = 1), and other causes of TFA (n = 15).
Thus, we included data from 145 respondents for analysis.

Participants

Table 1 describes the characteristics of the respon-
dents. Most notable from this data is the predominance of
men (82.8%) and NZ Europeans (81.1%), with a mean
age of 56.8 yr. Moreover, the mean time since amputation
was 27 yr, which indicated that the traumatic event
occurred in participants’ late 20s.

Lower-Back Pain Prevalence

LBP was reported by 64.1 percent (95% CI: 57.4%—
70.8%) of respondents (Figure 1). In those with LBP
(n= 93), a majority of the respondents (61% [56/92])

Table 1.
Participant characteristics (n = 145).

Characteristic Total
Sex (% male) 82.8

Age Range, yr (mean + SD)
Ethnicity,” 1 (%)

18-93 (56.8 + 14.6)

NZ European 118 (81.1)
Maori 18 (12.6)
Other 8 (5.6)

Time Since Amputation Range, yr (mean+ SD)  1-66 (27.1 £ 16.1)

Physical Activity, median (interquartile range) 24.1 (10.7-37.6)

Low, n (MET h/d) 48 (<13.6)
Medium, n (MET h/d) 48 (13.6-32.5)
High, n (MET h/d) 49 (=32.5)

*One missing value (n = 144).
MET = metabolic equivalent, NZ = New Zealand, SD = standard deviation.
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Figure 1.
(a) Lower-back pain (LBP) prevalence in New Zealand popula-

tion with traumatic transfemoral amputation surveyed (64%)
along with (b) percentage of those with LBP experiencing activ-
ity of daily living (ADL) restrictions due to pain (39%).

reported no interference with ADLs because of their LBP
(Figure 1). For the 4 wk preceding completion of the sur-
vey, 20 percent reported LBP on almost every day. The
pain intensity for the majority of the respondents (59%)
was mild (1-4); however, 14 percent reported severe (>7)
LBP. The majority of respondents with LBP (38.7%)
reported that it was more than 3 yr since they had a whole
month without LBP (Table 2).

The demographic characteristics of the LBP yes and
no groups did not differ (Table 3); however, the
increased incidence of residual-limb problems in the LBP
yes group was statistically significant (y= = 11.56, p <
0.05) compared with the LBP no group.

Relationship Between Lower-Back Pain and Physical
Activity Levels

We found no association between LBP (yes or no) and
PA levels (Xz = 2.11, p = 0.72) (Figure 2). We found no
association between the respondents reporting LBP with no
ADL restriction and those with no LBP (X2 =1.08, p =
0.58) (Figure 2). The group reporting LBP and ADL
restriction (LBP+ADL restriction) had significantly lower
PA levels than the group without ADL restriction (LBP—
ADL restriction) (Figure 3). In relation to other confound-
ing factors, only age at assessment had a significant nega-
tive relationship in predicting LBP (i.e., increasing age was
associated with lower odds for reporting LBP) (Table 4).

Table 2.
Lower-back pain characteristics (n = 93).
Characteristic Distribution (%)
Interference with ADL*
Yes 36 (39.1)
No 56 (60.9)
Frequency*
On Some Days 43 (46.7)
On Most Days 30 (32.6)
Everyday 19 (20.6)
Average Pain Intensity
Mild (1-4) 55(59.1)
Moderate (5-6) 25(26.9)
Severe (7-10) 13 (14.0)
Duration (last pain-free month)
<3 mo 26 (28.0)
3—7 mo 17 (18.3)
7 mo-3 yr 10 (10.8)
>3 yr 36 (38.7)
Unknown 4(4.3)

*One missing value (n = 144).
ADL = activity of daily living.

DISCUSSION

Our results are the first to investigate LBP prevalence
in the national NZ sample of people with traumatic TFA
and to report on the relationship between LBP and self-
reported PA levels. Based on our results, there was no rela-
tionship between self-reported PA levels of persons with
and without LBP. In fact, two-thirds of participants with
LBP reported moderate to high PA levels, and participants
who reported ADL restriction due to LBP had lower PA
levels than those who reported no ADL restriction due to
their LBP.

Because of lack of LBP prevalence data in the general
population of NZ, a direct comparison of our results could
not be made. However, LBP prevalence in 64 percent of
people with TFA is approximately twice that reported in
the general population [42—43]. Our result of LBP preva-
lence in people with TFA (64%) concurs with similar pre-
vious studies in the amputation literature [4,6—7]. Despite
the variations in the selection criteria and the LBP defini-
tion utilized in previous studies, the recall period
(4 wk) in reporting LBP symptoms was consistent with
previous studies [4,7]. Our result of ADL restriction in
39 percent of respondents caused by LBP is in line with
previous studies on LLA [4,28,37]. Moreover, the majority
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Table 3.
Prevalence of lower-back pain by demographic characteristic, 7 (%).

Lower-Back Pain

Measure Yes No

Sex (n=142)

Male 73 (80.2) 44 (86.3)

Female 18 (19.8) 7 (13.7)
Age, yr (n = 140)

18-45 25 (28.1) 7 (13.7)

46-65 43 (48.3) 28(54.9)

>65 21(23.6) 16(31.4)
Time Since Amputation, yr (n = 142)

<2 2(2.2) 3(5.9)

2-9 11 (12.1) 5(9.8)

>10 78 (85.7) 43 (84.3)
Body Mass Index (n = 125)

<18.4 1(1.2) 2 (5.0)

18.5-24.99 22 (25.9) 8 (20.0)

25-29.99 27 (31.8) 13 (32.5)

>30 35(41.2) 17(42.5)
Comorbidity (n = 144)

0 39(41.9)  30(58.8)

1 43 (46.2) 19(37.3)

>2 11 (11.8) 2 (3.9)
Ex-Smoker (n = 144)

Yes 64 (68.8) 29 (56.9)

No 29 (31.2) 22(43.1)
Residual-Limb Problems” (n=144)

Yes 45(48.4) 11 (21.6)

No 47 (50.5) 40 (78.4)
Nondisabled-Limb Pain (n = 144)

Yes 58(62.4) 26(51.0)

No 35(37.6) 25(49.0)

*p < 0.05 in chi-square analysis.

of our respondents (>80%) reported mild to moderate (<6)
LBP, which corresponds with a similar investigation on the
relationship between LBP intensity and ADL interference
in LLA [37]; the study concluded that persons with pain
scores >7 had greater ADL interference because of LBP
than those with scores <6. The chronicity of LBP was
illustrated by the report from 38 percent of the respondents
who indicated that it was more than 3 yr since they had a
whole month without LBP. In summary, the high preva-
lence of LBP in our sample (i.e., two-thirds of participants)
clearly suggests that LBP is a common secondary disabil-
ity in persons following traumatic TFA [4].

In relation to the PA levels, the median PASIPD score
of our sample was 24.01 MET h/d (range: 0.65-149.91),
which is higher than the mean + standard deviation score
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Figure 2.
Relationship between lower-back pain (LBP) and physical activ-

ity (PA) levels. Note: Equal distribution of persons with LBP in
three PA subgroups (low, middle [mid], high) and distribution of
majority of participants with LBP and without activity of daily liv-
ing (ADL) restriction in middle to high PA subgroups.

of 20.2 £ 14.5 MET h/d (range: 0.0-67.9) for the sample
population (including those with amputation) investigated
in the validation of the PASIPD questionnaire [39]. More-
over, two-thirds of our participants (97/145) had PA
scores >13.59 MET h/d, which is greater than the recom-
mended daily PA levels for physical and mental health
[22,44]. The majority of our participants (96%) reported
current prosthetic use with the time since amputation
being 26.9 + 16.1 yr. Based on these results, we can
assume that our sample represented an active prosthetic
user group; however, firm conclusions about PA levels
could not be made because of lack of a control group and
lack of normative data of PASIPD scores in the general
population. Our results on the PA levels concur with a
similar previous study by Stam et al., which reported that
a majority of people with traumatic TFA adopted moder-
ate PA levels [28].

Our results found no relationship between LBP and
self-reported PA levels. The presence or absence of LBP
did not influence PA levels (low, medium, or high). We
also compared the PA levels of persons reporting no ADL
restriction due to LBP with those reporting no LBP so as to
specifically determine the relationship between current PA
levels and its influence on LBP. However, we found no
relationship between the groups. In fact, two-thirds of our
participants with LBP had moderate to high PA levels,
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Figure 3.

Physical activity (PA) levels of persons with and without activity
of daily living (ADL) restrictions due to lower-back pain (LBP)
(Pearson 2 = 7.4, p = 0.02). Mid = middle.

similar to the PA levels of participants without LBP. A pos-
sible explanation for this result could be related to the
avoidance-endurance behavior of individuals. According
to this model, endurance copers tend to remain active
despite the presence of pain and report increased PA levels
[45]. Similar results of lack of association between LBP
and PA have been reported by studies conducted in the
general population [46—47]. However, the presence of
moderate to high PA levels in the majority of our partici-
pants regardless of their LBP indicates better coping strate-
gies adopted by this population and warrants additional
investigation pertaining to PA levels as a risk factor for
LBP in this population.

Another finding of note was the presence of low PA
levels in persons reporting ADL restriction due to LBP
compared with persons who reported no ADL restriction

due to LBP. In a recent review investigating the relation-
ship between disability due to LBP and PA levels, there
were no significant relationships between self-reported
disability and PA levels in persons with acute or subacute
LBP (<3 mo), while persons with chronic LBP (>3 mo)
reporting high disability were more likely to have
decreased PA levels [48]. Although our participants
reported ADL restriction due to LBP and decreased PA
levels, our result should be interpreted with caution
because we measured LBP disability based on their
response to a yes or no question. Further investigation
using LBP disability questionnaires (e.g., Oswestry ques-
tionnaire [49]) could have strengthened our results.

The presence of residual-limb problems had a signifi-
cant relationship with LBP. The majority of the respon-
dents reported the presence of phantom pain, residual-limb
shrinkage, and skin problems in the residual limb as major
reasons that affected their walking ability. In a study inves-
tigating the quality of life in people with nonvascular TFA,
the presence of residual-limb and socket-related problems
in >50 percent of participants was positively associated
with poor physical functioning [9]. Despite the common
prevalence of residual-limb problems reported in the LLA
population [50], our result should be interpreted with
caution because of the diverse nature of residual-limb
problems and lack of investigation of other factors (type
of prosthesis used, residual-limb length, and muscle
strength) [51].

Our findings related to the presence of at least one or
more comorbidities in 58 percent (54/93), residual-limb
problems in 48.4 percent (45/93), and pain in the nonam-
putated limb in 62.4 percent (58/93) of participants with
LBP demonstrates the presence of multiple pain condi-
tions in this population. Our reports are consistent with
the results of a national survey conducted in the United
States; Ephraim et al. reported the presence of at least one

Table 4.
Relationship between lower-back pain and other amputation-related parameters.

Covariate B OR 95% CI p-Value
Age (yr) —-0.028 0.973 0.949-0.099 0.03*
Sex -0.461 0.631 0.244-1.629 0.34
Height (cm) -0.857 0.425 0.029-6.225 0.53
Weight (kg) —-0.006 0.994 0.977-1.011 0.05
Body Mass Index -0.017 0.983 0.936-1.032 0.48
Time Since Amputation (yr) 0.002 1.002 0.981-1.024 0.08
*p <0.05.

B = beta coefficient, CI = confidence interval, OR = odds ratio.
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of the chronic pain conditions (i.e., phantom pain, residual-
limb pain, and LBP) in 95 percent of their sample popula-
tion [5]. Furthermore, similar results of multiple pain
conditions in LLA have been reported [6-8].

Factors that may affect how persons answer self-
reporting questionnaires were beyond the scope of this
study. However, individual characteristics such as depres-
sion and social desirability may well have influenced self-
reporting of PA behavior. In a study on people with ampu-
tation, factors such as young age, traumatic amputation,
presence of comorbidities, and presence of multiple pain
conditions were reported to increase the risk of develop-
ing depression [10]. People with depression tend to under-
estimate their PA levels when measured with self-report
[52], which could have influenced self-reporting PA lev-
els in our sample. In addition, the social desirability asso-
ciated with surveys tends to overestimate the self-
reporting of actual PA levels, which could have biased our
results [53]. Future studies should consider the role of
such personal factors when measuring PA levels using
self-reports in this population.

In terms of other amputation-related parameters,
although age at assessment and LBP had a slight negative
relationship, the strength of the association (f = 0.03)
was weak. In a previous study of LLA, Ephraim et al.
reported the odds of developing LBP decreased in per-
sons >65 yr [5]. However, conflicting evidence exists for
the relationship between age and LBP [4,6-7]. Moreover,
similar to other previous studies, years since amputation
was not related to LBP [4,6]. One possible explanation
could be that the majority of our study participants (85%)
had been using prostheses for more than 10 yr, which
could have resulted in better adaptation to the prosthesis,
leading to efficient gait patterns. Smoking and obesity are
well-established risk factors for LBP in the general popu-
lation [54]. However, smoking history and BMI were not
associated with LBP in our sample population.

We adopted a standardized definition of LBP because
of the heterogeneity in the methodology and the lack of
standardized definition of LBP used in prevalence studies
[1,55-56]. We recommend using these standardized LBP
definitions in future studies exploring LBP in populations
with LLA in order to enhance the comparability of study
results. Although the response rate for our survey was
low (55%), the result is comparable with similar previous
studies [4,6,28]. Further, we adopted simple random sam-
pling to minimize the risk of selection bias and increase
the generalizability of our study results [33].

DEVAN et al. Physical activity and pain in traumatic TFA

STUDY LIMITATIONS

First, the results of our study should be interpreted
with caution because the study design was cross-sectional
and implications pertaining to PA as a risk factor for LBP
could not be made. Second, our survey response rate
(55%) was low and the sampling error of 6.6 percent at
95 percent CI may influence the validity of our results.
Moreover, the results of nonrespondents (45%) could
have introduced bias in our results. Third, even though the
PASIPD is a standardized questionnaire, conflicting evi-
dence exists to support PA measurement using self-reports
[57]. In a recent review investigating the level of agree-
ment between self-reports and objectively measured PA
levels in the general population, Prince et al. recom-
mended the possibility of utilizing objective measures in
PA measurement [58]. Furthermore, overestimation of PA
levels using the PASIPD has also been reported [40].
Fourth, the classification of total PA scores into tertiles
could have introduced cut-point bias, which may therefore
limit the generalizability of our results.

CONCLUSIONS

Based on the results of our national cross-sectional
survey, we found LBP prevalence to be high (64%) in
persons with traumatic TFA. There is no association
between the PA levels of persons with and without LBP.
However, the presence of moderate to high PA levels in
two-thirds of persons with LBP warrants future investi-
gation into coping strategies employed by this popula-
tion. Moreover, prospective studies using objective PA
measures would elucidate the mechanisms underpinning
the relationship (beneficial vs risk factor) between PA
and LBP in this population.
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